Abstract: This work reports on the implementation of different absorption micro-filters based on a dye-doped hybrid organic-inorganic xerogel polymeric material synthesized by the sol-gel process. Microstructures containing eight different filter widths were fabricated in polydimethylsiloxane (PDMS), bonded to glass substrates and filled with the corresponding dye doped polymeric material by a soft lithography approach. The filtering capacity as a function of dye concentration and filter width was studied and revealed a linear dependence with both parameters, as expected according to the Beer-Lambert law. Zero passband transmittance values and relatively sharp stopband regions were achieved with all the filters, also showing rejection levels between 6 dB and 55 dB. Finally, such filters were monolithically integrated into a disposable fluorescence-based photonic lab-on-a-chip (PhLoC) approach. Calibration curves carried out with a model fluorophore target analyte showed an over two-fold increase in sensitivity and a thirty-fold decrease of the limit of detection (LOD) compared with the values recorded using the same PhLoC system but without the polymeric filter structure. The results presented herein clearly indicate the feasibility of these xerogel-based absorbance filtering structures for being applied as low-cost optical components that can be easily incorporated into disposable fluorescence-based photonic lab on a chip systems. 
Introduction
One of the most common approaches in photonic lab-on-a-chip (PhLoC) systems is the measurementof fluorescence as detection method [1] . Optical filtering is often required to be implemented in these systems due to the following main reasons. In fluorescence spectroscopy the intensity of the excitation light is typically orders of magnitude larger than the fluorescence light of the fluorophore target molecule. Additionally, the Stokes shift of fluorophore molecules is usually very small, which makes it even more difficult to discriminate between the excitation and emission signals. The more accepted filtering configurations suitable to perform such discrimination are based on interferometric and absorbance-based approaches [2] . Interferometric filters consist in alternating layers of highand low-refractive-index materials. In spite of these filters showing high absorbance levels at the stopband with sharp bands and zero passband penalties they suffer from serious drawbacks. First, the absorption depends on the angle of the incidence light [3] . Second, the thickness of the layers has to be perfectly controlled in order to obtain filtering at the required wavelength, which makes the fabrication an expensive and critical process. These effects hamper its integration into PhLoC. Conversely, absorbance filters are generally fabricated with a single layer of a material containing a chromophore [4] or a band gap material [5] . In both cases, they are fabricated to show high absorption at the excitation wavelength and low absorption at the fluorescence wavelength of the solution or compound being measured. The performance of such absorbance filters is governed by the Beer-Lambert law and, unlike interferometric filters, their response is independent of the beam incidence angle [2] .
Because of their simplicity, robustness and low cost, absorbance filters are more suitable for being integrated into disposable PhLoCs, although their optical properties are more limited when compared with their interferometric counterparts. The material synthesis and fabrication processes can also be designed to be simple and not time-consuming. Several attempts have been previously reported for this configuration. Hoffman et. al. [6] used a millimeter-thick dye-doped PDMS film as a fluorescence filter. In order to get an adequate dispersion of the dye in the polymer matrix they use toluene, a toxic solvent that has to be completely removed if the system is being used for bio-applications. In a previous work, we overcome this problem [7] by fabricating PDMS-based filters of varying width using red, green and blue ink directly mixed with the PDMS pre-polymer solution. However, the resulting filters exhibited broad stop band values (ranging from 100 to 150 nm) and non-zero passband values, which limit their applicability. Yamazaki et. al. [8] reported colored filters based on a porous titanium oxide film onto which a monolayer of dye molecules was defined. The fabrication involves the sintering of a titania film at 450° C, which limits their compatibility with polymeric substrates and/or low temperature fabrication methods, making difficult the implementation of these filters into low-cost microsystems. Richard et. al. [9] presented an integrated hybrid absorption and interference filter based on a dye doped epoxybased photoresist, obtaining with the absorption layers high rejection levels at the stopband with narrow optical path lengths(0.8-2 µm). Nevertheless, these filters can only act like highpass filters (passband @ 650 nm) with broad stopband widths (> 250 nm) limiting their applicability in fluorescence detection since most common analytes show emission wavelengths below this value. Moreover, at the optimized maximum dye concentration they did not succeed in developing patterns (e.g. channels), and also the photoresist solvents make this approach not biocompatible.
An alternative absorbance filtering approach that circumvents the drawbacks of those above-mentioned absorbance filter approaches is described in this work. Dye-doped organicinorganic silicate-based glasses fabricated by sol-gel technology from aqueous solutions were applied to the patterning of absorbance micro-filters by soft lithography, which could be easily implemented in PhLoCs.The sol-gel process consists in the formation of a polymeric network by the hydrolysis and polycondensation of metallic alcoxides [10] . The most widely used precursors in sol-gel technology are silane-derived monomers such as tetramethylorthosilicate (TMOS) and tetraethyl orthosilicate (TEOS). Working with these molecules, silanol groups (Si-OH) are generated by hydrolysis reactions in hydroalcoholic solutions usually containing an acid or basic catalyst. Polycondensation reactions involving these groups give riseto siloxane bonds (Si-O-Si). A polysiloxane network is thus formed and alcohol and water are generated as sub-products. This network is next cured and dried to eventually give rise to a xerogel polymer structure. Indeed, if the hydrolysis and condensation reactions with the above mentioned monomers take place with a 100% yield, a silicon oxide network is obtained. A family of sol-gel like materials that show promising properties is that formed by the so-called organic-inorganic hybrid polymers based on a silicon oxide backbone. These silica-based sol-gel materials provide the rigid and compact matrix into which different functional components, even from biological origin, can be incorporated. Both small organic moieties and polymeric/oligomeric species can be either chemically bonded to the monomer structure (generating the so-called organo-alkoxysilanes) and/or physically entrapped in the silicon oxide inorganic network to produce organic/inorganic hybrid network structures [11] . These materials combine the merits of inorganic glasses and organic molecules. They can be tailored to be transparent over a wide wavelength range and to have an adequate refractive index [12] , which makes them very attractive for the fabrication of low-cost photonic components [13] such as waveguides [14] , diffraction gratings [15] or microlenses [16] . The combination of hybrid polymeric materials with simple and inexpensive techniques of microfabrication, such as the well-known soft lithography [17] is envisaged to allow the development of components and analytical devices for viable commercial applications [18] . There are several soft lithographic techniques but most of them are based on the ubiquitous principle that makes use of an elastomeric stamp to replicate the patterns defined in a master fabricated by standard photolithography [19] . One of the major advantages of this technology is that it requires simple and non-expensive equipment; it is compatible with a variety of substrates regardless of their topography, thereby making this technology very attractive for simple large-scale microfabrication processes.
Since the pioneering work of Avnir and associates, who entrapped Rhodamine-6G into pure silica [20] , a large number of molecules and biological species showing optical activity have been entrapped inside either an inorganic or a hybrid organic-inorganic network made by the sol-gel approach. A wide variety of material formulations showing different optical properties have been developed and excellent reviews showing their potential for the fabrication of photonic components and optical sensors have been published [13] , [21] [22] [23] [24] . However, few reported works deal with the patterning of these materials and none of them have shown their potential for the fabrication of absorbance micro-filters.
In this work we present the fabrication by a soft lithography approach of simple and lowcost absorbance filters based on a dye doped hybrid organic-inorganic xerogel polymer suitable to be monolithically integrated into a PhLoC. These filters show relatively sharp stopbands and almost zero passbands. The filtering capacity is a function of the nature of the dye and has a linear dependence with the filter width and the dye concentration. Their successful performance and potential to be easily integrated into disposable PhLoCs as well as in other microsystems is shown.
Experimental

Design
A 230-µm thick filter test structure was fabricated based on a previous work carried out in our lab [7] . Certain design modifications of the testing structure were introduced, while keeping the filter fabrication approach. That is a single continuous filter channel with different widths, which once filled with the polymer material, as described below, included different filtering sections with the same dye concentration but varying optical path ( Fig. 1 (a) ). One of the major advantages of such structure is that identical experimental conditions are applied in all filters included in the same testing structure. Then, more reliable comparative studies can be carried out. To improve reliability regarding the influence of the optical path length in the filtering capacity, sections widths were increased from four [7] , to eight, i.e. 100, 250, 500, 1000, 1500, 2000, 2500 and 3000 µm. These widths define the propagating distance of the filters, resulting in the implementation of eight different filters in the same structure. Herein, the filter channel included two microfluidic ports at both ends for adequate structure filling with the pre-polymerization solution. The entire channel is filled by capillary forces starting from the side with the largest width. In the former structure, the filling process made use of opens at both ends of the channel that appear at the edge of the mold. The new design included input and output holes on the surface of the mold thus avoiding the accumulation of residual material at both sides of the mold. These top holes also reduced the quantity of prepolymerization solution needed to block the apertures (in order to prevent the emptying of the structure) due to their smaller size, circular shape and position. Xerogel materials tend to shrink when are synthesized due to the loss of volume caused by solvent evaporation. In this context, diamond-shaped widenings were designed at both sides of the filling channel that act as pre-polymerization solution reservoirs for re-filling of the filtering channel during the polymerization process and thus preventing the formation of air bags that could distort the resulting filter structures. These were not necessary in the previous PDMS-based approach because this material shows negligible shrinkage while curing [7] . The system is completed with self-alignment channels for positioning of the input and output optical fibers at both sides of every filter, together with microlenses at the end of every self-alignment channel for correcting the numerical aperture of the used fiber optics [25] . In the new design, these elements were implemented as components separated from the self-alignment channels in order to prevent possible damage or malfunction of the microlenses due to bad positioning of optical fibers.
Fabrication
The material synthesis and the fabrication of the test structure by soft lithography are the two main steps to develop the polymeric absorbance micro-filters.
Material synthesis
The pre-polymerization solution (sol) was prepared by mixing phenyltrimethoxysilane (PhTMOS) monomer (Sigma-Aldrich Química S.A., Spain) with dye aqueous solutions at pH 3 (adjusted with diluted HCl). Four different dye concentrations in the aqueous solution were used: 10, 50, 100 and 200µM.The silane: water molar ratio was 1:6. The selected dyes for this study were quinoline yellow (QY), phenol red (PR), methyl orange (MO) and crystal violet (CV) (all of them from Sigma-Aldrich Química S. A., Spain), whose absorbance bands show maximum absorbance values at 420, 515, 530 and 600 nm wavelengths, respectively. These dyes were selected to cover most of the visible spectrum. Except QY, these dyes are pH sensitive, showing different color for the acidic and the basic form; PR, yellow to red (pH, 6.8-8.0), MO, red to orange-yellow (pH 3.1-4.4), CV, yellow to blue (0.0-1.8).The mixture was gently stirred using a magnet until a homogeneous solution was achieved taking around 4h. At this point the resulting sol solution was ready for filling the test microstructure.
Fabrication of the test microstructure
The structure from which the eight micro-filters were obtained was fabricated by a soft lithographic approach. The master was developed using the SU-8 photocurable polymer in a one-step photolithographic process. SU-8 2025 (Microresist Technology GmbH, (Berlin, Germany)) was used to obtain a layer with a thickness of 230 µm by spin-coating [26] . PDMS pre-polymer solution (Sylgard 184 elastomer kit, Dow Corning Corp, (Midland, MI)) used for the replication of the master was made by mixing the silicon elastomer with the curing agent in a 10:1 ratio (v: v). Then, it was carefully poured over the SU-8 master. Once cured at 80°C for 20 minutes, the PDMS was peeled off the master with the aid of tweezers. The resulting PDMS test structures were irreversibly bonded to glass slides by a conventional oxygen plasma process [27] . The fluidic ports included in the test structures, as described above, were opened and the microstructure was filled with the sol solutions. Filling was achieved by capillary forces, thus avoiding the use of external pumps. The polymer was left to cure and dry at room temperature for 4-5 days. The curing time could be reduced to 1 h by applying a temperature of 80 °C, without observing any alteration of the resulting material structure. The dye-doped xerogel structure was thus formed and the filters were ready to be tested. Figure  1 (b) show a picture of polymeric micro-filters fabricated in the PDMS test structure using a xerogel polymer doped using a 200 µM CV solution.
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Material & structural characterization
In order to give some insight into the resulting doped polymer matrix, FT-Infrared Spectroscopy (Tensor 27 FT-IR spectrophotometer including a MKII Golden Gate Single Reflection ATR module, Bruker Corporation, Germany), 29 Si-Magnetic Nuclear Resonance ( 29 Si-NMR single-pulse (SP) solid state magic angle spinning nuclear magnetic resonance, Bruker Avance 400 spectrometer, Bruker Corporation, Germany) and Scanning Electron Microscopy (SEM) studies were carried out. Measurement of dye-doped and non-doped xerogel refractive indexes was kindly carried out by Metricon Corporation (NY,USA) using the Metricon Model 2010/M Prism Coupler equipment, which determines the refractive index from (m-line) layer modes [28] . The material transparency was also tested by collecting light passing through a drop-coated xerogel glass slide. Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6 , Fig. 7 The material is transparent over the entire visible spectrum and near infrared region (Fig.  8, appendix) . 29 Si-NMR spectroscopy study provides information about the degree of condensation in the resulting polysiloxane matrix [29, 30] . The number of siloxane bonds that surround each silicon atom is determined from characteristic signals. Si atoms from PhTMOS can only form a maximum of three bonds and are responsible for T n signals where n is the number of oxygen atoms bonded to silicon and forming siloxane bridges (Si-O-Si) with adjacent silicon atoms. These signals have been widely observed when analyzing xerogel materials with different compositions. Indeed, the 29 Si-NMR spectrum of the non-doped xerogel (Fig. 9 , appendix) signals at 69.8 ppm and 79.5 ppm assigned to T 2 and T 3 , respectively. The relative area of the T 3 /T 2 signals in this material are 43/57, which indicates a high degree of condensation with 43% of Si atoms involved in three siloxane bonds. The spectrum of the dye-doped (CV) xerogel (Fig. 9) showed the same displacement for the two signals but with different areas. The polycondensation of hydrolyzed PhTMOS seem to be slightly affected by the addition of the CV dye with 49% of Si atoms involved in three siloxane bonds resulting in a more cross-linked structure than the one of the non-doped material. This difference is likely to be related to the acid base nature of the dye, which nonetheless may have a positive influence in the avoidance of dye leaching from the polymer network. The FT-IR study (Fig. 10, appendix) revealed that the incorporation of the dye into the polymer matrix has a negligible effect on the polymeric structural properties. FTIR spectra for both non-doped and dye-doped material show the characteristic bands for the bending and stretching of the Si-O bond (in the zone of 1000 cm 1 ) as well as characteristic bands ascribed to the phenyl ring (C = C, 1600 cm 1 and 1475 cm 1 , C-H, 3150-3050 cm 1 ). If the inclusion of dyes had altered the polymeric process and thus the resulting xerogel composition this would have been reflected in the disappearance and/or formation of bands in the spectra.
SEM images were also recorded and showed a smooth and crack-free xerogel material that perfectly replicated the pattern on the PDMS stamp (Fig. 2) . The refractive index of both the non-doped and dye-doped xerogel materials, measured at λ = 633 nm was 1.5663 ± 0.0001 (n = 6), which again corroborates the negligible effect of the doping process on the xerogel optical and structural properties. 
Spectral analysis
The setup for the analysis included a broadband halogen lamp as light source (HL-2000, Ocean Optics, Dunedin, FL, USA), two 230 µm diameter multimode optical fibers (Thorlabs Inc., Dachau, Germany) for coupling and collecting the light and a microspectrometer (QE 65000-FL, Ocean Optics, Dunedin, FL, USA). All filters were scanned in a wavelength region between 300 and 1000 nm with an integration time of 50 ms.The non-doped xerogel filter microstructure was fabricated and measured under the same experimental conditions and used as a reference.
Two of the most important parameters to characterize a filter are the rejections levels at the stopband (blocked wavelengths) and the transmission levels at the passband (allowed wavelengths) [2] . Figure 3 illustrates the transmittance values for the 200 µM dye-doped, 3000 µm wide filters. Minimum transmittance values at the stopband vary from 7 dB (for MO) to values below the dynamic range limit of our experimental setup (which was measured to be 26 dB) for CV (see Table 1 ). In the case of CV-based filters only an estimation of the transmittance can be provided. Here, by fitting the transmittance dependence with the filter width to an exponential decay function, the maximum transmittance values for the 2000, 2500 and 3000 µm-wide filters can be estimated to be 28.7, 30.7 and 31.9 dB, respectively. By comparing these values with the ones recorded in our previous work, where transmittance values at the stopband were between 2 dB and 24 dB, a clear improvement was attained. They also outperformed those ones reported by Yamazaki et. al [8] , who recorded transmittance values between 6 dB and 20 dB with dye-modified titanium oxide filters. In addition, they are of the same order of magnitude to those reported with dye doped photoresist based filters fabricated by Richard et. al. [9] , which showed values from 5 dB to 32 dB. The state-of-the-art in integrated absorbance-based filters generally includes approaches with broad absorption bands that restrict their applicability to high-pass filters [6] [7] [8] [9] . By contrast, this work reports almost zero passband values (Table 1 ) and relatively sharp stopbands (Fig. 3) recorded with all the fabricated xerogel polymeric absorbance microfilters. It should be noted that the nature of the dye determined the absorption capacity and the working wavelength, resulting in very different transmittance values for the same dye concentration and filter width. As previously discussed, the dyes selected in this work covered most of the visible spectrum. Nevertheless, other hydrosoluble dyes could also be incorporated inthe same polymeric material, as could be aniline blue (with a maximum absorption wavelength at 620 nm). Specific selection of the dye would basically depend on the required wavelength filtering. Figure 4 shows the recorded transmittance spectra of 300 µm-wide filters fabricated with the xerogel material doped with different concentrations of PR. The expected decrease in transmittance values at the stopband as the dye concentration increases is observed. Additionally, a secondary stopband, associated with the yellow acidic form of PR can be observed at short wavelengths (close to 450 nm). An almost zero passband value is also shown in Fig. 4 , which means that the material exhibits a high transparency at wavelengths above 570 nm. The same study was carried out with those filters fabricated with the xerogel doped with QY, MO and CV and results are shown in Fig. 11 (appendix) . Table 2 350 400 450 500 550 600 650 700 750 The overall dimension of the filter is one of the most important premises from the miniaturization and integration point of view. It is clear that the longer the optical path, the higher the absorption but this goes against integration. This issue can be tackled by increasing the dye concentration for a fixed optical path. Figure 5 illustrates the transmittance values of PR-based filters at the stopband wavelength of 515 nm as a function of filter width and dye concentration. The result of the same study carried out with the QY, MO and CV based filters is shown in Fig. 12 (appendix) . A linear trend when transmittance values were plotted against the filter width and dye concentration is observed in all cases as expected according to the Beer-Lambert law. For filters showing a width of 2000 µm and above, as well as for those containing the highest dye concentration, saturation was reached in all cases. Most importantly, passband values still retain the value close to zero for all the tested filters (Tables  3-6 , appendix). These results show that the dyes are homogeneously dispersed into the xerogel matrix without causing aggregates or phase separation, which may lead to scattering centers, and therefore decrease the transmittance in the passband region, as it was the case in our previous work with ink-doped PDMS [7] . Filter width (m) 200 M 100 M 50 M 10 M dynamic range limit 
Integration of the filters in a PhLoC
Once the viability of developing low-cost absorbance-based microfilters was shown, the following step involved their monolithic implementation in a PhLoC system. For this purpose, the microdevice presented in Fig. 6 was designed and then fabricated using the same soft-lithographic approach described above for the development of the filter test microstructures. Rhodamine B (ε = 106.000 cm 1 M 1 ) was selected as a model target analyte to be measured in the PhLoC system. The reasons for selecting this target analyte are twofolded. Firstly, the absorption band can be used for calibrating the response of the PhLoC to analytes that have a specific absorption band but do not show photonic re-emission (as could be colorants or indicators) [31] . Secondly, the emission band can also be studied to validate the technological filtering approach presented in this work for measuring analytes with photonic re-emission (as could be quantum dots or fluorophores).The absorption and emission bands of Rhodamine B fluorophore are centered at 540 nm and 616 nm, respectively. Among the different filters fabricated and characterized the one that best fits for the measurement of this fluorophore is the PR-doped one, which, as shown in the previous section, shows a sharp stopband, from 450 nm to 540 nm (with maximum absorption at 515 nm) and an almost zero passband value outside this range. It was clearly shown that the wider the filter, the higher the stopband value. Nevertheless, keeping in mind that the aim of this work is to develop a filter suitable to be integrated in a PhLoC, a compromise between the overall dimensions of the filter and the filtering capability has to be reached. In our case, we selected a filter width of 800 µm fabricated with the xerogel material doped with the highest concentration of PR tested. It could be anticipated that this filter configuration would be suitable for our purposes considering the values of the stopband attained with a 1000 µm-wide filter (10.2 dB@515 nm). Considering the previously shown Beer-Lambert behavior of all the filters tested, transmittance values of 8.2 dB at the stopband and almost zero at the passband were expected for this filter configuration. Two readout channels (for the alignment of the collection optical fiber) located at 90° and 180° from the input channel (injection optical fiber) were easily integrated in a single microdevice. However, with the aim of performing the test in the less-favorable conditions possible, only the most challenging configuration of 180° between injection and collection optical fibers was used. Eight different solutions of the Rhodamine B fluorophore prepared in dionized (DI) water in a concentration range from 25 µM to 500 µM were sequentially injected into the microfluidic channel (60 µm width). The set-up used is shown in Fig.S6 . It included a 100 mW monochromatic green light (532 nm, Laser module NANO 250-532-100, Linos Photonics, Germany) as light source. The light was coupled into the system by a 230 µm in diameter multimode optical fiber (Thorlabs, Dachau, Germany) and collected by an identical one. The collection fiber was positioned in the selfalignment channel located after the PR filter (Fig. 13, appendix) . Thus, light passed through the filter before reaching the spectrometer. For comparative purposes, two identical systems were measured, the only difference being the presence of either a non-doped or a PR doped xerogel acting as a filter. For each dilution absorbance and fluorescence spectra were recorded. A the linear fit was carried out and the limit of detection (LOD) calculated following the IUPAC criteria, which states that the LOD is not the lowest detectable analyte concentration, but also depends on both the sensitivity and the accuracy of the linear fit, thus being determined as theleast concentration of analyte for which the signal exceeds by a factor of 3 the relative standard deviation of the background signal divided by the slope of the calibration curve [32] .
Absorbance vs. Rhodamine B concentration shown in Fig. 7A shows the expected linear trend in accordance with the Beer-Lambert law at a wavelength of 540 nm. When compared the results recorded using identical PhLoC with and without the integrated filter (Table 2) , it can be seen that the performance of the former has been significantly improved, with a threefold increase in sensitivity while the LOD was reduced by 35%. This enhancement can be understood from the fact that the PR filters eliminates background light that causes random variations of the readout signal.
Fluorescence vs. Rhodamine B concentration was also studied, and the results are shown in Fig. 7B and Table 2 . It can be seen how the integration of the PR filters is key to carry out fluorescence measurements in the system. When the filters were not included, the sensitivity (slope of the calibration curve) can be considered to be zero, and the LOD has a value higher than the concentration range measured, which basically means that it is not possible to determine the fluorescence. By contrast, when the PR-doped xerogel filter was included, a linear trend between Rhodamine B concentration and fluorescence measured at 616 nm was clearly obtained in a concentration range between 25 µM and 350 µM, the estimated limit of detection being 29 ± 1 µM. This value compares well with the ones reported by Yamakazi et. al. [8] , who positioned 500 µm path-length cuvettes containing different concentrations of Rhodamine 6G on top of different absorbing layers. They reported LODs of 1.9 µM and 2.5 µM, similar to the one we obtained taking into account the difference in path lengths and the slightly higher extinction coefficient of Rhodamine 6G (ε = 116.000 cm
). When comparing these results with these previously reported, it can be seen that these xerogel-based absorbance filters outperform our previous ink-doped PDMS absorbance filters, while retaining the easy integration and the low cost issues [7] . Other contributions regarding optical filters for PhLoC applications can be highlighted, as could be Pais et. al. [33] , who reported a 0.1 µM LOD measuring Rhodamine 6G in a disposable lab-on-chip including a cross polarization scheme, and Yao et. al. [34] who reported a 13-fold increase in sensitivity for a 300 µM Rhodamine 6G solution by implementing an interference filter in a microfluidic device. Nevertheless, both approaches rely on either expensive technological steps and/or the alignment of several elements, which hampers the filter applicability in disposable microsystems. By contrast, in the approach presented in this work, the validity of the proposed xerogel-based absorbance filters was assessed as suitable low-cost optical components that are inherently self-aligned and can be incorporated into disposable fluorescence-based photonic lab on a chip system. 
Conclusions
It has been demonstrated that low-cost absorption micro-filters could be easily fabricated using a dye-doped xerogel hybrid polymer material with a simple soft-lithographic approach.The presented tailor-made hybrid organic-inorganic polymeric material was compatible with several dyes, which enabled the development of filters covering a wide wavelength range of the visible spectrum. The fabricated micro-filters showed low transmittance values at the stopband, reaching the dynamic range limit of the spectrometer in some cases. Passband transmittance values are close to zero in all cases. Filtering capacity of these filters was consistent with the Beer-Lambert law in all cases and strongly depended on the nature of the dye. The successful integration of these polymeric absorbance micro-filters in a fluorescence based disposable photonic lab-on-a-chip was also demonstrated by carrying out calibration studies using Rhodamine B as model fluorophore target analyte and showing the greatly improved performance of the system compared with that one where no absorbance filter structure was implemented. Also, it is shown that this filtering approach outperforms other previously reported structures considering the attained stopband (as compared to existing high-pass absorbance filters) as well as the ease of their fabrication and integration in analytical microsystems.
Appendix
Non-doped xerogel (%) transmittance vs. wavelength. 29 Si-MNR and FT-IR spectra of doped and non-doped xerogel. Transmittance vs. wavelength for the 3000 µm wide quinoline yellow, methyl orange and crystal violet, loaded filters for all the concentrations. Transmittance vs. filter width for the four dyes in all the concentrations. Spectral properties of the different filters. Setup used to carry out the measurements with the integrated microfilters. #168632 -$15.00 USD Fig. 13 . Setup used to carry out the measurements of Rhodamine B target analyte in the PhLoC where the phenol-red based filters were implemented. It comprises a laser working at a2-5wavelength 532 nm, two multimode optical fibers and a spectrometer.
